Background: The use of advanced imaging in clinical practice is emerging and the use of this technology by optometrists in assessing patients with age-related macular degeneration is of interest. Therefore, this study explored contemporary, self-reported patterns of practice regarding age-related macular degeneration diagnosis and management using a cross-sectional survey of optometrists in Australia and New Zealand. Methods: Practising optometrists were surveyed on four key areas, namely, demographics, clinical skills and experience, assessment and management of age-related macular degeneration. Questions pertaining to self-rated competency, knowledge and attitudes used a five-point Likert scale. Results: Completed responses were received from 127 and 87 practising optometrists in Australia and New Zealand, respectively. Advanced imaging showed greater variation in service delivery than traditional techniques (such as slitlamp funduscopy) and trended toward optical coherence tomography, which was routinely performed in age-related macular degeneration by 49 per cent of respondents. Optical coherence tomography was also associated with higher self-rated competency, knowledge and perceived relevance to practice than other modalities. Most respondents (93 per cent) indicated that they regularly applied patient symptoms, case history, visual function results and signs from traditional testing, when queried about their management of patients with age-related macular degeneration. Over half (63 per cent) also considered advanced imaging, while 31 per cent additionally considered all of these as well as the disease stage and clinical guidelines. Contrary to the evidence base, 68 and 34 per cent rated nutritional supplements as highly relevant or relevant in early age-related macular degeneration and normal aging changes, respectively. Conclusions: These results highlight the emergence of multimodal and advanced imaging (especially optical coherence tomography) in the assessment of age-related macular degeneration by optometrists. Clinically significant variations in self-rated test competency and the understanding regarding nutritional supplements for different stages of agerelated macular degeneration suggest that further work to up-skill optometrists may be required.
1
Primary eye-care providers form the first point of contact for individuals with reduced vision and other ocular or visual symptoms. Optometrists in particular may provide the initial diagnosis in 27 per cent of AMD cases. 2 Consequently, they play a critical role in recognising the symptoms and signs of early and established AMD and are responsible for organising appropriate management such as surveillance and/or timely referral for treatment. 3 Failure to do this represents a burden to the patient as well as to the health-care system generally. Over the past two decades, our collective understanding of AMD has shifted: clinical severity scales, staging schemes and standardised nomenclature have emerged; treatment is becoming more targeted and research initiatives have broadened. There have also been major advances in ocular imaging, which have expanded the scope of optometric practice. The imaging modalities relevant to AMD include colour fundus photography (CFP), fluorescein angiography, indocyanine green angiography, optical coherence tomography (OCT), infrared imaging and fundus autofluorescence (FAF). These techniques aim to facilitate diagnosis and may provide information to better stratify the stages of AMD and more accurately identify individuals who will benefit from treatment.
1. heterogeneity in the way the disorder presents and overlap in AMD fundus signs with other macular conditions 2. variations in the clinical procedures and imaging technologies used or accessible by primary eye-care providers 3. lack of consistency among various clinical guidelines regarding the procedures that are considered relevant to AMD assessment (Table 1) 4. limited competency in performing or interpreting these procedures 5. limitations in the knowledge base of practising eye-care providers specifically regarding clinical guidelines, classification schemes and practice standards and/or 6. misattribution of their relevance.
There is a paucity of published data on current practice patterns, including the use of these instruments, in the primary care detection and management of AMD.
The purpose of this study was to provide a snapshot of contemporary optometric patterns of practice and attitudes regarding the diagnosis and management of AMD. Specifically, this work explored the self-reported accessibility of imaging and examination methods for AMD by Australian and New Zealand optometrists because their role in clinical practice is still being established.
METHODS

Survey design
A cross-sectional online survey was developed, focusing on four key areas: 1. demographics 2. clinical skills and experience 3. AMD assessment and 4. AMD management ( Table 2) .
The questionnaire contained both qualitative and quantitative data and employed primarily closed-ended questions (multiple-choice, multiple response, ranking, short-answer). Questions pertaining to respondent's attitudes or perceived competency used a five-point Likert scale, where high levels of competency or agreement were assigned higher scores. The survey used the following scales: 1-poor, 2-below average, 3-average, 4-above average, 5-excellent; 1-never heard of it, 2-somewhat aware, 3-aware, 4-familiar, 5-very familiar; 1-strongly disagree, 2-disagree, 3-neutral, 4-agree, 5-strongly agree or 1-not relevant, 2-slightly relevant, 3-fairly relevant, 4-relevant and 5-highly relevant. A final optional question provided respondents with the opportunity to provide open-ended comments. The survey was piloted on 10 optometrists from the Centre for Eye Health.
Following feedback, minor modifications were made to the layout and wording. Results of this pilot phase were not included in the final analysis. 
Sampling strategy and data collection
Survey topics DEMOGRAPHIC INFORMATION
Thirteen questions from the survey were used to determine the respondent's selfreported clinical practising status, age, gender, highest level of tertiary education, country of first optometric qualification, therapeutics endorsement status, history of continuing education in the past year and primary practice type (location, setting and business focus).
CLINICAL SKILLS AND EXPERIENCE
Nine questions provided discrete, quantitative, self-rated data regarding the respondent's years of equivalent full-time practice, clinical exposure to AMD (days worked per week, patients per day, number of patients with AMD per week), self-rated competency and knowledge in clinical optometry, overall competency in diagnosing and managing AMD and knowledge and the perceived relevance of specific AMD-related topics.
AMD ASSESSMENT
Two questions from the survey were analysed to determine the respondent's selfreported variations in service delivery (that is, the manner in which clinical procedures related to AMD were performed) and their self-rated practical competency in performing those procedures. 
AMD MANAGEMENT
Six questions from the survey pertained to respondents' understanding of the evidence base in the management of AMD. Participants were presented with a list of factors and asked to check all those that they applied regularly in the management of their patients with AMD. They also selfrated their familiarity with clinical guidelines 4, 8, 9 and classification schemes 10, 11 and the relevance of four management strategies (education, diet and lifestyle changes, nutritional supplements and selfmonitoring using the Amsler grid) in different stages of AMD. 10 
Statistical analysis
All statistical analyses were performed with SPSS (Version 23; IBM Corporation, Chicago, Illinois, USA) and figures were generated using GraphPad Prism (Version 6; GraphPad Software, San Diego, California, USA). Demographic data were summarised using descriptive statistics. Responses were summarised using frequencies of occurrence. We used binary logistic regression to explore the association between the tests performed and selfreported demographic and knowledge characteristics. The same method was then applied to identify factors associated with above average self-rated competency across core tests (defined as those procedures performed by more than 90 per cent of the combined cohort), additional functional tests and additional imaging.
RESULTS
Demographic characteristics of the respondents
Totals of 180 and 103 responses were received from practising optometrists in Australia and New Zealand, respectively. Only data from the questionnaire completed in its entirety were included in the final analysis (127 of 180, 71 per cent completion rate for Australia; 87 of 103, 84 per cent for New Zealand). These numbers Table 3 . Overall, respondents self-reported practice experience of one to 47 equivalent fulltime years and average workloads of four days per week, seeing 10 patients daily. Overall competency and knowledge of clinical optometric practice (two items) were self-rated as average, above average or excellent by all except one of the survey participants (Table 4) . Similarly, competency in diagnosing and managing AMD (one item) was also self-rated highly (average or above) by 210 (98 per cent) participants. The most popular response for these three questions was 'above average' (46 to 55 per cent of responses).
Not surprisingly, binary logistic regression using a forward conditional method revealed a statistically significant association between higher self-rated competency in clinical practice and greater knowledge of clinical optometry (Table 5 ; p < 0.001). The same effect was observed on overall self-rated competency in the diagnosis and management of AMD, self-rated competency in performing core tests (case history, Amsler grid, slitlamp funduscopy, CFP), additional functional (photostress testing, contrast sensitivity, colour vision, SAP, electrophysiology) and additional imaging tests (modified retinal photography, that is, use of red, green, blue filtered or infrared images, OCT and FAF). Average selfperceived knowledge across all of the specific AMD topics queried also had a positive influence on these variables. Interestingly, self-reported practice setting also had an influence on tests performed; optometrists working in clinical environments (solo or group private practice or corporate practice) were 3.4 times more likely to self-report performing tests themselves or refer elsewhere, compared to optometrists working in an academic institute or hospital. These odds were greatest for optometrists working in group private practice, followed by solo private practice and corporate practice. Therapeutically endorsed optometrists were 3.5 times more likely to self-report higher competency in the diagnosis and management of AMD.
AMD-related topics: self-rated knowledge and attitudes
Knowledge of specific topics related to AMD was self-rated as 'aware' or higher by 87 to 98 per cent of the cohort ( Figure 1A ). These topics were also rated relevant to clinical practice ( Figure 1B) . Self-rated knowledge relating to imaging modalities in AMD was greatest for OCT, followed by FAF and modified retinal photography. Interestingly, there was a trend toward poorer self-rated knowledge compared to relevance, across all topics and imaging modalities.
Service delivery and test competency in AMD
The following procedures were reportedly routinely performed in AMD assessment by 96 to 100 per cent of the 214 respondents (in descending order; Figure 2A) Based on the distribution of responses, imaging and functional testing showed a greater variation in self-reported service delivery (Figure 2A (42, 20 per cent), contrast sensitivity (20, nine per cent), SAP (two, one per cent), colour vision (one, less than one per cent). Electrophysiology was rated as not relevant to AMD by 53 participants (53, 25 per cent), followed by SAP (36, 17 per cent), colour vision (28, 13 per cent), contrast sensitivity (seven, three per cent) and photostress testing (six, three per cent). Consequently, imaging tests as a whole were less often rated as not relevant to AMD (zero to three per cent) compared to functional tests (three to 25 per cent).
Self-reported test competency in performing relevant AMD test procedures ( Figure 2B ) followed a similar trend to routine performance of the test. Ratings were 'average' or above in more than 50 per cent of the cohort for all procedures other than photostress testing (91, 43 per cent), FAF (91, 43 per cent) and electrophysiology (32, 15 per cent). Compared to imaging, the responses suggested greater selfrated variation in competency across the functional tests queried.
Practise patterns related to AMD management
Based on the distribution of responses, factors most commonly considered in the selfrated management of AMD patients ( Figure 3 (Figure 4 ). Only 23 to 64 (11 to 30 per cent) respondents indicated that they were aware, familiar or very familiar with any of the other clinical guidelines or classification schemes stipulated. Respondents who affirmed that they routinely considered clinical guidelines in the management of AMD also indicated a significantly greater mean awareness of clinical guidelines (mean awareness score of 2.4 versus 1.9; Student's t-test, p < 0.001).
For the various management strategies queried, all showed a trend toward being rated as increasingly relevant with greater staging (comparing normal aging changes, early AMD and intermediate AMD; Figure 5 Table 5 . Self-reported predictors of clinical competency and tests performed using demographic and knowledge characteristics of the total dataset 
DISCUSSION
Measurements of clinical practice are necessary to evaluate current quality of care and to determine future priorities. 12 In this study, we described the self-reported patterns of practice of primary eye-care providers, specifically core competency levels, service delivery in AMD assessment and understanding of evidence-based AMD management strategies using a cohort of Australian and New Zealand optometrists.
Competency in practice
Overall, we found that optometrists selfdescribe high levels of practice competency and knowledge. Although self-rated knowledge had a significant influence on selfrated clinical competency, core knowledge may not always translate into clinical practice. 13 Similar sentiments have been described in the UK with resources and the complexity of cases being potential limiting factors of clinical competency. 14 Muen and Hewick 15 found referrals written by UK optometrists show poor recognition of clinical signs (subretinal fluid, macular oedema and drusen), a low threshold for initiating referrals and an overall low level of diagnostic accuracy for neovascular AMD suggesting a discord between self-ratings and referral acumen. The 'action' component of clinical professional behaviour is also difficult to measure 13 and the above methods may both be subject to intrinsic biases. Participation in this study was voluntary and engaged by invitation email; the data are self-reported and consequently prone to response/selection bias toward conscientious optometrists or those with a particular interest in AMD, limiting the generalisability of the findings to the wider profession. Further research is currently underway using computerised case vignettes, which could more accurately and reliably measure clinical practice.
Service delivery in AMD
Based on a high frequency of responses (more than 90 per cent), routine selfreported optometric assessment of AMD patients in Australia and New Zealand includes a case history, visual acuity and refraction, Amsler grid testing, slitlamp funduscopy and CFP. This is consistent with currently available optometric guidelines, 8 clinical classification schemes 10 and the AREDS simplified severity scale.
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These results also reflect the rapid and widespread dissemination of retinal photography into optometric practice from 55 per cent just five years ago 16, 17 to 93 per cent reported in the current study.
The assessment of functional loss in AMD is possible using various methods [18] [19] [20] [21] [22] [23] [24] and Figure 2 . A. Routine service delivery in age-related macular degeneration (AMD) organised into traditional components of the ocular examination, advanced imaging and functional tests. B. Self-reported competency levels for various clinical procedures when performed on patients with age-related macular degeneration.
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Clinical and Experimental Optometry 100.6 November 2017 © 2017 Optometry Australia the clinical utility of these methods for the detection of damage before clinically detectable fundus signs has been reviewed elsewhere. 25 In clinical practice, it is not usual or practical to perform tests such as dark adaptation despite drastic abnormalities characteristic of early AMD. 22, 26 An alternative is to evaluate cone dark adaptation via an indirect measure using the photostress test. 27, 28 Our cohort self-reported that functional tests (besides visual acuity) were not performed routinely for AMD and were often rated not relevant, which may be partly due to the ambiguity surrounding the exact relationship between structure and function in various presentations of AMD and their clinical implications. 24 For example, supervised Amsler grid testing has been historically used to identify abnormalities in the central visual field indicative of neovascular conversion but is associated with relatively low sensitivity (0.78). 24, 29 Similarly, the discriminability of colour vision tests, such as the Farnsworth Munsell 100-hue test in early AMD has been reported as potentially unreliable. 30 Until efficacious treatment options emerge that specifically target earlier stages of disease, these assessment techniques may be of interest as research tools in AMD but of limited relevance to the practising clinician. 20 Overall, these results and others 31 indicate the integration of advanced imaging, especially OCT, into routine optometric AMD evaluation. High-resolution OCT may be 'mandatory' for the diagnosis of AMD, 4, 32 especially neovascular AMD 14, 32 and was self-reportedly routinely performed in the assessment of AMD by 49 per cent of this study's participants. Its pattern of rapid uptake by community optometrists has led to speculation that its dissemination will follow the trend of CFP progressing from a specialist imaging technique to a core test; 16 however, other work contrasts with these findings indicating that only 15 to 30 per cent 16, 31 of optometrists have access to OCT imaging. Other imaging modalities, modified retinal photography and FAF, were performed less often and were less accessible than OCT, despite their likely additional value in the detection of reticular pseudodrusen and geographic atrophy in AMD. [33] [34] [35] Discrepancies in service delivery may undermine the high standard 31, 36 of eyecare offered in Australia and New Zealand 37 and standardisation (of optometric eye examinations) including better use of diagnostic imaging 31 should be the goal. Although current classification schemes rely primarily on basic eye examination equipment, such as an ophthalmoscope, slitlamp or CFP, work is underway to develop more detailed scales that also consider the results of advanced imaging. 10 The benefits of standardisation extend not only to the patient community at large but also to research areas of uncertainty in AMD, 38 applications of more homogeneous clinical data will subserve better definitions of disease progression and rates of clinical presentation.
The motivations, barriers and reasons for optometrists' use of additional tests in AMD assessment were not investigated in this study, although there was a trend for respondents to routinely refer elsewhere for additional imaging, suggesting factors like cost, update frequency, software incompatibility and lack of time and/or training 14,39 may contribute. Of note, selfreported practice setting had a statistically significant effect on service delivery and previous work 16 has described a similar effect, with optometrists in independent practice being more likely to use OCT and other specialist equipment compared to counterparts in multiple or group practices. Potential differences in service delivery across different stages of AMD were also not accounted for in our survey design.
Evidence-based practice in the optometric assessment and management of AMD The accurate assessment and staging of AMD may be irrelevant without suitable management. Respondents of our survey considered patient education a relevant management option for almost all patient groups, highlighting that practising optometrists apparently value being able to educate patients about findings of the clinical examination. These findings are congruent with the high awareness of the Amsler grid among patients with AMD. 2 Respondents also valued management involving diet and lifestyle modifications which aligns with Optometric practise patterns in AMD Ly, Nivison-Smith, Zangerl, Assaad and Kalloniatis several epidemiological studies highlighting increased incidence and progression of AMD associated with cigarette smoking, suboptimal diet and high body mass index. 40 Contrary to the evidence base, 41 nutritional supplements were rated as highly relevant or relevant (top two responses) by 68 and 34 per cent of respondents in early AMD and normal aging changes, respectively. Optometrists in practice may find it difficult to keep up to date and understand specific recommendations, [41] [42] [43] especially when applying the findings to patients and clinical scenarios. 41 External factors, such as the over-the-counter availability of nutritional supplements and patient preference, may also contribute to the use of these agents by optometrists, outside of what the evidence base recommends. Nonetheless, there appears to be scope for improvement regarding the critical appraisal by optometrists of evidence on nutritional supplementation in AMD. 44 Awareness of literature on evidence-based practice was also low among our respondents. Clinical guidelines rooted in research and expert opinion have been shown to reduce variation and improve patient care. 45 Our data suggest that clinical guidelines for AMD have either not been disseminated directly to optometrists in Australia and New Zealand, are not being retained or used or that optometrists lack the necessary equipment to apply them. This finding on the use of clinical guidelines is not new and may relate to inherent attributes, such as the guideline's credibility, extent of disclosure, validity, reliability, clinical adaptability, flexibility, clarity and schedule for review. 45 An improvement opportunity also needs to exist and various other contextual factors should be considered. 45 Finally, at the time of writing, AMD-specific guidelines were not available through the respective Australian or New Zealand professional associations. The importance of integrating evidencebased practice into the optometric curriculum is mounting. 46 Future efforts in eye-care
should be dedicated toward making additional testing more accessible, patient education materials and increased transparency and accessibility to quality evidencebased materials for the clinician. The final point has been the subject of previous publications [47] [48] [49] and readiness of the optometric profession in Australia to embrace evidence-based practice has been further explored in detail elsewhere. 
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CONCLUSIONS
Optometrists play an integral role in the diagnosis and management of AMD. Our survey provides a contemporary snapshot into the self-reported patterns of practice in AMD. Specifically, the availability of OCT in routine optometric practice appears to be on the rise and there is a self-rated demand for continuing professional development and greater awareness of translational efforts that subserve the transfer of the evidence base into clinical practice.
